Abstract An efficient and reproducible in vitro propagation protocol has been established for Cadaba fruticosa (L.) Druce. Surface-sterilized nodal stem segments of mature plant were used as explants for culture establishment. Multiple shoots were optimally differentiated from the nodal stem explants through bud breaking on Murashige and Skoog (1962) medium containing 3.0 mg l −1 benzyladenine (BA). The effect of different plant growth regulators and minerals were studied on different stages of micropropagation procedure (i.e., explant establishment, shoot multiplication/growth and ex vitro rooting). Additionally, for enhancing shoot multiplication during subculture, MS medium was modified (MMS) with higher levels of magnesium, potassium and sulphate ions. Out of these, MMS 3 medium containing 0.25 mg l −1 each of BA and Kin (N6-furfuryladenine), with 0.1 mg l −1 NAA (α-naphthalene acetic acid) was found the best for shoot multiplication (42.45±3.82 per culture vessel). The in vitro regenerated shoots were rooted under ex vitro conditions on treating the shoot base with 500 mg l −1 of IBA (indole-3 butyric acid) hardened in the greenhouse and transferred to the field with ≈85 % survival rate. There were not any visual differences between wild and micropropagated plants in the field, although the later underwent significant changes during acclimatization. Micromorphological changes on leaf surface characters from in vitro to acclimatized plantlets were studied in terms of development of glandular trichomes, changes in vein spacing and vein structure in order to understand the nature of plant responses towards environmental conditions. The method developed and defined can be applied for commercial cultivation, which may be important for extraction of bioactive compounds and may facilitate conservation of this multipurpose endangered medicinal shrub.
Introduction
Cadaba fruticosa (L.) Druce, a dense rambling, multipurpose endangered medicinal shrub, locally known as Dabi (Bhandari 1990) or Kodhab (Anonymous 2005) belongs to the family Capparaceae. This plant is endemic to Indian subcontinent (Bangladesh, India, Pakistan, Sri Lanka), IndoChina (Myanmar), and distributed throughout the tropical and sub-tropical regions of the world (Anonymous 2005; Amudha and Rani 2014) . In India, it is designated as "Sthalavriksha" or temple tree (A sacred plant grown in temples for its numerous religious and medicinal values) which represents its esthetic values and helpful in its germplasm conservation (Gunasekaran and Balasubramanian 2012) . C. fruticosa is known for its active constituents, i.e., cadabicine, cadabicine diacetate (Viqar Uddin et al. 1987 ), capparisine and α-β-dihydro ferulic acid (Aziz-Ur-Rehman 1990) . This plant is known for its numerous medicinal values (Mythreyi et al. 2008; Amudha and Rani 2014; Shashikanth et al. 2014) , therefore called as "Bahuguni" (In Hindi, Bahuguni means multiple uses), principally by 'Jain Saints' (a religious group of Indian subcontinent) who are always on move to spread their religious practices.
Despite the high medicinal and pharmacological importance, there are not any conventional methods known for propagation of C. fruticosa. Seed setting is poor due to ineffective pollination by a group of specific butterflies namely Colotis eucharis, C. danae, Anaphaeis aurota (Aluri 1990) . Similarly, natural reproduction through seeds was also not observed in another species of Cadaba (C. heterotricha) due to non-viability of seeds ). Owing to its multipurpose importance, local people and pharmaceutical industries over-exploit the plant and sell in market as "Kodham Pulika" (ENVIS 2014) . In addition, extensive habitat destruction for stone excavation is another cause by which status of this plant has been drastically affected ) and now, it is categorized as an endangered species by the Ministry of Environment, Sri Lanka (MOE 2012) . Thus an effective strategy is required for rapid and large-scale multiplication of this potential medicinal plant. During last 2-3 decades, tissue culture methods involving micropropagation has been widely applied to propagate and conserve a number of endangered and medicinally important plant species (Rathore et al. 2005; Lodha et al. 2014a; Gashi et al. 2015) . reported basic tissue culture protocol for conservation of one of the Cadaba species (C. heterotricha). Survey of literature reveals that, till date there is not any report of tissue culture protocol for Cadaba fruticosa. In the present communication, we report for the first time an efficient and reproducible micropropagation protocol from mature plant of C. fruticosa and the successful establishment of regenerated plants ex vitro. Moreover, micromorphological studies were also conducted to observe the changes taken place in leaf surface morphology which may be helpful in understanding the nature of plant responses towards environmental conditions.
Materials and methods

Plant material selection and decontamination
The morphologically/phenotypically healthy source plant used for the present study were selected from the Mehrangarh Fort (26°29′83″ N and 73°01′94″ E), Jodhpur, Rajasthan (India). Axillary shoots were taken periodically throughout the year to examine the effect of different seasons on culture initiation. Fresh hard nodal stem segments of 4-5 cm long were used as explant. These were decontaminated using [0.5 % (v/v)] solution of sodium hypochlorite for 10-12 min and treated with systemic fungicide 0.1 % (w/v) Bavistin (BASF India Limited, Mumbai, India) for 12-15 min followed by surface sterilization with 0.1 % (w/v) solution of HgCl 2 (Hi-Media, India) for 3-4 min. Thereafter, treated explants washed thoroughly with sterilized water for 5-6 times to remove the traces of disinfectant in a laminar air hood.
Nutrient media and environmental conditions in growth chamber
Agar (Bacteriological grade, Qualigens Fine Chemicals, Mumbai, India) gelled (0.8 %) MS medium (MS; Murashige and Skoog's 1962) with sucrose (3 %), with or without additives (50 mg l −1 ascorbic acid and 25 mg l −1 each of citric acid, adenine sulfate and arginine) were used for the present study. The pH of medium was attuned to 5.8±0.02 (using 1 N KOH or HCl) before autoclaving at pressure 15 psi, temperature 121°C for 15 min. Explants were inoculated vertically in culture tubes and placed in diffused light conditions (20-25 μ mol m −2 s −1 PFD) initially for 2-3 days, and thereafter transferred to culture room having high light intensity (40-50 μ mol m −2 s −1 PFD), provided by cool and white fluorescent tubes (Philips, India) for 16 h photoperiod per day, at 26± 2°C and 55-60 % RH.
Shoot regeneration and multiplication
The initial experiment aimed to study the effect of plant growth regulators (PGRs) on shoot bud induction. MS medium containing different types (BA or Kin) and concentrations ) of cytokinins were tested for the shoot bud induction. MS basal medium (devoid of any PGRs) served as control.
The second experiment aimed to study the effect of the subsequent transfer of mother explant on different nutrient medium supplemented with various concentrations (0.5, 1.0, 1.5 or 2.0 mg l −1 ) of cytokinins (BA or Kin or 2-ip), for shoot multiplication. After 15 days of the culture establishment, mother explant along-with the regenerated shoots was transferred to these MS medium up to four passages having an interval of 4 weeks each.
The third experiment aimed to study the effect of PGRs and modified media on sub-culturing of in vitro raised shoots (after making a bunch of 4-6 shoots) on different combinations of PGRs and MS salts in medium. For this, BA or Kin alone (0.25, 0.50 or 1.0 mg l Table 1 . The shoots cultures were regularly subcultured after an interval of 40-45 days and are being maintained for the last 3 years without any loss of vigor.
Ex vitro rooting of micropropagated shoots
In vitro raised healthy shoots from subsequent passages/ subcultures were harvested individually and their bases (4-6 mm) were dipped in various types and concentrations (100, 300, 500 or 700 mg l −1 ) of auxins (IBA or NOA) alone and in combinations, for different time durations (1, 3, 5 or 7 min). Individual shoot devoid of any auxin treatment served as control. The auxin treated shoots and control were Perlite, Bangalore, India) and irrigated with an aqueous sterile solution of quarter strength of MS basal salts (10-12 ml per bottle), at an interval of 4-5 days. These bottles were covered with polycarbonated caps and kept in the greenhouse near the pad section in order to maintain high RH (80-90 %) and low temperature (28±2°C) conditions.
Hardening and soil transfer
The caps of the bottles containing ex vitro rooted shoots were gradually loosened over a period of 2-3 weeks and eventually removed. Meanwhile, the bottles were also shifted from the pad section to the fan section (50-55 % RH, 36±2°C) of greenhouse for gradual hardening. These bottles (with open caps) were kept in the greenhouse for the next 4 weeks near the fan section. Successfully hardened plantlets were transplanted to the polybags (25 cm height × 10 cm diameter) containing field soil (collected from the site where the species grow naturally) and kept in the greenhouse for next 4 weeks. The hardened plants were finally transferred to the nursery.
Micromorphological studies of plantlets undergoing hardening
In another set of experiment, we compared the development of veins (vein density and pattern of venation) and glandular trichomes in leaves of in vitro growing shoots (after 4 weeks of subculture) and those shoots undergoing hardening in the greenhouse (after 6 weeks of rooting), as method developed by Rathore et al. (2013) . A randomly selected plantlet was chosen from both the stages and the third to seventh leaves from the base were detached and fixed in 5 % (w/v) NaOH for 12-14 h. Thereafter, the leaves were kept in 70 % ethanol (v/v) for 24-48 h, until chlorophyll was removed and rinsed three times with distilled water. These were stained with 0.5 % (w/v) Safranine (Loba chemie, India), mounted in distilled water and examined and captured immediately under microscope (Leica DM3000, Germany). Images for this experiment were evaluated using the software Leica application suite V 3 1.0.
Experimental layout and statistical analysis
All the experiments were set up in a Randomized Block Design (RBD) for single factor experiment (Compton 1994 ) with a minimum of 20 replicates per treatment and the experiments were repeated three times. Observations like shoot number/ transplanted to bottles containing autoclaved Soilrite® (Kel length, root number/length were scored over a period of 2-5 weeks as per the experiment. The data were analyzed statistically using ANOVA (analysis of variance) and the differences among the mean values were compared with Duncan's Multiple Range Test (DMRT) (P<0.05) using SPSS ver. 17 (SPSS Inc., USA). All the results were expressed as mean ± SD of three experiments.
Results and disscusion
During culture initiation, extensive cleansing and decontamination of the nodal stem explants is required to establish the aseptic cultures because shoot segments bears glandular trichomes and may possess a few recalcitrant microbes between them (Rathore et al. 2013 ). In the present study, seasonal factors played a critical role in determining the percentage response of explants in culture (Rathore et al. 2005; Lodha et al. 2014a) , as explants harvested before rainy season (i.e., April to June) in Rajasthan, India, were found most advantageous for culture initiation in terms of mean number of shoots (Fig. 1) .
Effect of growth regulators on bud breaking
On medium supplemented with BA (3.0 mg l −1 ), after 2 weeks each node produced 4.63±0.42 of shoots with a mean length (3.45±0.29 cm) ( Fig. 2a ; Table 2 ). It was observed that BA (2.0 mg l −1 ) was sub-optimal and BA (4.0 and 5.0 mg l −1 ) was inhibitory for shoot bud induction. However, on PGR-free MS basal medium nodal stem explants failed to induce axillary buds, therefore, it was mandatory to augment the culture medium with cytokinins to induce multiple shoot buds. It is well known that cytokinins stimulate plant cell divisions, participate in the DNA synthesis and control the cell cycle, which might be the reason for induction of adventitious buds (Gaspar . In the present study, BA is found superior over Kin in terms of percentage response and this may be attributed to its less resistance to the cytokinin oxidase; easy permeability, metabolism and induction of natural hormones (like zeatin) within the tissue (Lodha et al. 2014a ). Similar results have also been reported in Capparaceous species like Capparis decidua (Deora and Shekhawat 1995) , Maerua oblongifolia (Rathore et al. 2005) and Cleome gynandra (Rathore et al. 2013) . In the present study, medium containing additives found better for shoot bud induction, shoot growth and further shoot multiplication than medium lacking additives (data not presented). In additives, ascorbic acid and citric acid act as a source of antioxidants; whereas L-arginine and adenine sulfate are known for its nitrogen reducing and additional cytokinin like properties (Patel et al. 2014; Zhang et al. 2015) . In this study, it was focytokininund that initial incubation of explants under diffuse light for 2-3 days promoted activation of axillary meristem and thus bud breaking. For further growth, inoculated explants were transferred to culture room having high light intensity, as suggested by Lodha et al. (2014a) .
Multiplication and maintenance of cultures
Effect of repeated transfer on shoot multiplication Shoot regeneration was influenced by re-culturing of initial/ mother explants on fresh MS medium supplemented with various types and concentrations of cytokinins. Of these, MS medium containing BA (1.5 mg l −1 ) was most favorable and produced the optimum number of shoots (15.23±1.19 per explant) after 2nd passage ( Fig. 2b; Table 3 ). During 3rd and 4th passage, however, lesser number of shoots was formed with continuous decrement (Fig. 3) . Re-culturing of original explant to fresh nutrient medium is an attractive way to produce new shoots in short time by rejuvenating and reinvigorating the basal dormant meristematic cells (Sánchez et al. 1997 ). This practice was successfully employed in a number of arid plant species (Rathore et al. 2005; Lodha et al. 2014a; Patel et al. 2014 ).
Effect of PGRs and modified media on shoot multiplication
Shoot regeneration was further increased by sub culturing of in vitro raised shoots (a clump of 4-6 shoots) on MS medium supplemented with different concentrations and combinations of PGRs. Out of various combination tested, MS medium having a combination of BA and Kin (0.25 mg l −1 each) and
) proved the optimum for shoot proliferation (≈28-30 shoots / culture vessel; Data not shown). Incorporation of auxin at a lower concentration (NAA 0.1 mg l −1 ) with cytokinins in subculturing medium showed synergetic effects on shoot multiplication, as a number of shoot buds were generated at the base of shoot clump. The probable attribute for this synergism is cross-talk mechanism of auxin and cytokinins which induce new bud primordia, subsequent bud formation and shoot regeneration in cultures (Lodha et al. 2014b; Zhang . 2015) . This type of synergism has been well acknowledged in a number of plant species Gashi et al. 2015; Zhang et al. 2015 including C. heterotricha .
Once PGRs were optimized, cultures were transferred to MS modified media (MMS 1 to MMS 3 ) to study the effect of different salts concentration on further shoot multiplication. In the present study, MMS 3 medium was found better than MS medium for shoot multiplication/ growth (Fig. 4) .57 cm length were produced, after 4 weeks ( Fig. 2c ; Table 4 ). The promotive effect of MMS 3 medium on shoot multiplication is probably due to high concentration of MgSO 4 .7H 2 O, (NH 4 ) 2 SO 4 and KCl. In salts, magnesium is an essential component of the chlorophyll molecule and also required for the activity of many enzymes. According to Mendonça et al. (2015) , the additional Mg may reduce leaf chlorosis and abscission in plant tissue cultures. Similarly, potassium is required for protein synthesis and to maintain turgor pressure of the cell. Hence Mg and K play a predominant role in plant growth during shoot development (Ramage and Williams 2002; Hermans et al. 2004; Wada et al. 2013) . Further, ammonium sulphate is suggested to promote the nitrate absorption and buffers the nutrient medium, thus improve the overall growth/health of cultures (Lodha et al. 2014a ). Preece (1995) found interactions between PGRs and mineral nutrients in plant tissue culture medium, as well as effects of nutrient formulations on morphogenesis. Adjustment of mineral elements in the culture medium for micropropagation was found beneficial in "three 'Vriesea bromeliads' (Aranda-Peres and Martinelli 2009) and Picconia azorica (Mendonça et al. 2015) . Similar results were also observed in hazelnuts (Nas and Read 2004) , Dalbergia sissoo (Vibha et al. 2014) and Pyrus species (Wada et al. 2013 ). The cultures were maintained (Fig. 2d) by regular subculturing at an interval of 40-45 days. 
Ex vitro rooting of micropropagated shoots
Of the type and concentration of auxins experienced, shoot bases treated with IBA (500 mg l −1 ) for 3 min was found the best (Fig. 5) and produced the optimum number of roots (5.67 ±0.53 per shoot) with a mean length (3.41±0.42 cm), after 3 weeks ( Fig. 2e ; Table 5 ). During ex vitro rooting, IBA alone was found better in terms of percentage rooting response in comparison to NOA and NOA + IBA combinations. The effectiveness of IBA in ex vitro rooting may be due to its steadiness greater than other auxins, easier uptake and transport, and successive gene activation (Ludwig-Muller 2000; Vengadesan and Pijut 2009) . Similar findings of IBA in rooting has also been observed in Dalbergia sissoo (Vibha et al. 2014) and Cleome gyanandra (Rathore et al. 2013) .
Rooting under ex vitro conditions is an attractive technique because it does not need any additional acclimatization prior to the field transfer (Pospóšilová et al. 1999; Osório et al. 2013; Lodha et al. 2014b) . It also requires lesser time and resources; and it is estimated that ex vitro rooting can lower the cost of a micropropagation protocol up to 70-75 % (Lodha et al. 2014a; Patel et al. 2014) . Moreover, ex vitro rooted plantlets have more vigor to tolerate environmental pressures during the hardening procedure (Vengadesan and Pijut 2009; Vibha et al. 2014 ).
Hardening and soil transfer
The temperature and RH gradient in greenhouse coupled with gradual opening of polycarbonated caps (of bottles) assisted in hardening of the plantlets (Fig. 2f) . Initially the hardened plants were transplanted to black polybags (Fig. 2g) and kept in greenhouse for next 4 week. Thereafter, the hardened plants were transferred to the nursery. The eventual success of a micropropagation protocol depends on the ability to transfer the plants from culture medium to pots, and then to the field with a significant survival rate. In the present study, micropropagated C. fruticosa survived in the field with ≈85 % survival rate and did not show any visual detectable variation in morphological and growth characteristics when compared with their respective donor plants, although micropropagated plants underwent significant changes during acclimatization.
Micromorphological studies of micropropagated plants
In another set of experiment, we studied the micromorphological changes from in vitro to acclimatized conditions. Under in vitro conditions, the trichomes were less frequent and underdeveloped (Fig. 6a) which became fully developed in hardened plants (Fig. 6b) . Besides, the leaves under in vitro condition have lesser developed and fewer veins / vein islet ( Fig. 6c and e) in comparison to plants under the hardened phase ( Fig. 6d and f) . Earlier, Rathore et al. (2013) also reported the changes in venation patterns in Cleome gynandra. Our study supports the fact that, under in vitro condition plants encountered special conditions of humidity and light which resulted in altered morphology, physiology and anatomy (Preece 2010) . After ex vitro transfer, these plantlets might easily be impaired by sudden changes in environmental conditions, and so need a period of acclimatization to correct the abnormalities (Pospóšilová et al. 1999; Osório et al. 2013) . The discussed vein clearing experiment shows that how the vein density increases during the hardening period and this reflects the gradual acclimatization process, which triggered changes necessary for survival and the maintenance of normal growth under field conditions.
Conclusion
In conclusion, we report here for the first time an efficient in vitro propagation system for C. fruticosa-a plant of high medicinal and industrial importance. The high rate of shoot multiplication achieved in this protocol is due to selection of an appropriate medium (MMS 3 ) and an optimum combination of PGRs. Micropropagated shoots were rooted by ex vitro technique which made this protocol cost effective, less-labor intensive/easy to use, and significantly contributes for its transplant survival rate. In addition, results of micromorphological investigation could help in understanding the nature of plant responses towards environmental conditions. Therefore, the discussed protocol could be of great value for commercial propagation, conservation and may facilitate extraction of bioactive compounds from this multipurpose and endangered medicinal plant. 
